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57 ABSTRACT

An 1mage outputting device receives a plurality of sets of
pixel data 1n a sequential order that constitute an original
image. At least part of the received sets of pixel data are
rearranged 1n a predetermined non-sequential order. These
rearranged sets of pixel data can be stored 1n a storage device
in sequential order as rearranged. At least a part of the
rearranged sets of pixel data are retrieved from the storage
device 1n sequential order and can be output to create a mini
sub-image that represents a smaller version of the original
image. A header storage area may be provided that can store
information on the number of sets of pixel data to be
retrieved as well as a magnification rate data. Thus, various
min1 sub-images can be easily read out without previously
producing and storing the various mini sub-images.

11 Claims, 26 Drawing Sheets

(16)



U.S. Patent Nov. 16, 1999 Sheet 1 of 26 5,986,699

FIG.1 (a) FIG.1 (b)
PRIOR ART PRIOR ART
. MINI SUB-IMAGE

PIXELS OF FIXED SIZE

]
wlalelalo]n
o[ [ o[ o

HEADER

COMPONENT

PIXELS

wlalele]ele
o Lo [ s
o]

,

PIXELS

[ IMAGE CONCEPT ON DISPLAY }

[ STORAGE CONCEPT IN MEMORY ]



U.S. Patent Nov. 16, 1999 Sheet 2 of 26 5,986,699

FIG.2 (a) FIG.2 (b)

IMAGE DATA MEMORY

blalElslels
L) @ 0] @] @

@ | (9 | ) | 12
14 16
HE RN FIG.2 (0

FIG.3

(o || mw] [ nou]| A
8 ‘ ‘ ‘ 10
ﬁ F ~ F QQ PRINTER
DISPLAY |
. e
T




5,986,699

Sheet 3 of 26

Nov. 16, 1999

U.S. Patent

FIG.4 (b)
' STORAGE CONCEPT
IN MEMORY ]
HEADER
COMPONENT

JECECCEEE
SECECECED
NECCCCEED
ECECECEE
ECCCCCED
ECECECEE
EECCCCCE
ECCCECELD

PIXELS

FIG.4 (a)

[ IMAGE CONCEPT ON DISPLAY ]



5,986,699

Sheet 4 of 26

Nov. 16, 1999

U.S. Patent

FIG.5 (b)

FIG.S (a)

16 PIXELS

4 PIXELS

FIG.S (C)

PCCE C T
SECCCECEL
NECCCEEED
EEECECEE
ECCECEE
ECCCECED
EEECOCCE
ECECECEL

PIXELS

-
—
<
7
—
i
><
a
S



U.S. Patent Nov. 16, 1999 Sheet 5 of 26 5,986,699

FIG.6 (a)




U.S. Patent Nov. 16, 1999 Sheet 6 of 26 5,986,699

144
(551)

EECCECCE DD
EEEEEEECECEE
EEEECEECEED
EECCECLCED
ECCEEEECED

(451)

21
(15)

NBOROE

491) | (493) | (495) | (497) | (499

IBERREE
(541) | (543) | (545 547 549

01

53

4

301
FIEE:

(347)

s | e

(397)
Iﬂ“l
(443) | (445) | (447) | (449

FIG.6 (c)

RANDARE
(1) (3) (5) (7} ® | (1) | (13)

89
(249)

IEE%EIH

)

135
(533

)
=
(391)

sl

AR
(487)
B

n|wu| 5w ﬂ-
(193) | (195) | (197) | (199) | (201) | (203) | (208)
Ay
251) | (2
o | | % | | &
&
(435) | (437)

m 86 87 | 88

(243) | (245) | (247)
EE
(385) | (387) | (389)

97 | 98 | 99
(337) | (339) | (341)

[
(289) (299)

121

(481)
133
(529)

BERABBRAE
(49) | (81) (57) | (59)

ANDDDOE
©n | (99 | (101) | (103) (107) | (109)
9 | 25 | 2 nﬂ 8 | 11
(145) | (147 | (149) | (151) | (153) | (155) | (157)
9



5,986,699

Sheet 7 of 26

Nov. 16, 1999

U.S. Patent

m (ve) 28) | (18) [ (08) | (62) | () | () | (0 | G2 | (b2

m y2e 2t | 128 | 028 | 6LE | BIE | LIE | QIE | SIE | IE E
. (09) B [ L9 [ (9 | (s9) € | @ [ (9 | 09 | (on

m ¢9l 191 | €S | 091 | ¢S 1§ | 891 | 0§ | /G| H be
[ (9¢) we) | € | @ [ (g 2) | (82
[EEEEEE HEE
L“ﬁ....--- a::: @@S@ @@s
m 8_8 mve_mE tm: .

ve

—-----'._—_
|

:

:
SR N

[

I

I
S

n

:

:
———e
———ee
———e -

|

|

E
SN S

!

I

I
S S
—— e
SRR R
N R
U T

!

|

|
———

|

!

|

J

ol s -y on o -

(P) 9'DI-



U.S. Patent Nov. 16, 1999 Sheet 8 of 26 5,986,699

FIG.7

TOTAL DATA SIZE

HEADER SIZE

STANDARD SIZE (2x2)

MAGNIFICATION RATE DATA NUMBER

MAGNIFICATION RATE DATA

(1)
2(19)

IMAGE DATA

576 (576)



U.S. Patent Nov. 16, 1999 Sheet 9 of 26 5,986,699

FIG.8

DISPLAY OF MINI SUB-IMAGE
(WHEN SIZE = 12 x 12)
ENSURE IMAGE DATA STORAGE AREA S1

START READING HEADER S2

STORE STANDARD SIZE (2 x 2) g3
STORE MAGNIFICATION RATE DATA sS4
(DOUBLE, TRIPLE, DOUBLE)
START READING IMAGE DATA S5
READ DATA OF STANDARD SIZE SE
(2 x 2 = BYTES)
STORE 4-PIXEL DATA (4 BYTES) IN IMAGE
DATA STORAGE AREA S7
READ 5th TO 16th PIXEL ag
DATA (12 BYTES)
STORE 5th TO 16th PIXEL DATA IN sq
"~ IMAGE DATA STORAGE AREA
READ 17th TO 144th PIXEL S10
DATA (128 BYTES)
STORE 17th TO 144th PIXEL DATA IN 511
IMAGE DATA STORAGE AREA




5,986,699

Sheet 10 of 26
12

FIG.O

Nov. 16, 1999

U.S. Patent
12 -::};r

--__—-_—1_————
!
!
!
!
!
)
)
)

---—---“*---—_
:
|
!
!
!
!
l
l
I
i
|
l
!
|
|
)
}

_*---___1-----
|
!
|
|

N T .

FIG.10

-<— 1000H
-<— 1001H
-— 1002H

17



5,986,699

Sheet 11 of 26

Nov. 16, 1999

U.S. Patent

9LS  SLS
296 1SS
825 /28
b0S €06
08y 6LF
9y  SSP
Y ISV
80y 0%
y8€ €86
09€ 6SE
96e 66
218 LIE
982 /82
¥92 €92
0vZ 662
91z ST
261 161
891 /91
rl el
02l 61
% 56
JRY
8y  L¥
e €2

bLS

Ole
98¢
¢9¢
8t¢
14 ¥4

061

991
chi
81

o
0L
Ob
¢

€S
6¥S
G¢S
10
LYy
£S5y
6cY
GO0¥
18t
LSE

60¢€
G8¢
19¢
LEC
£id
681
591
4
Ll
£6
69
G
LC

JA*
L¥S
£es
66V
GL¥
1GY
Lay

64€

1EE
L0E
£8¢
6S¢

¥
L8
€91
6t|
Ghi
16

6}

045
S
¢cs
86V
124
0St
9ct

8.t

38 &

¢8¢
85¢
14 X
] ¥4
081
¢9l
8tl
Fil

99
o
81

695
G¥S
12S
LoV
WAy
6V
Gev
1OV

S 8§85

18¢
LS¢
£ee
60¢
G81
191
LE1
ehl
68
59
44
L}

895

0¢S
96V
ol
8hp
{14
00¥
9.t
4>
8¢t

08¢
95¢
cte
80¢
141}
091
ot!
41

88

O
91

L9
Evs
615
G6Y
A 4
Ly
XA
66t
74>
1GE
IX4>
£0t
6.¢
GG
24
A
€8l
65|
GE|
il
.8

£9

6t

Gl

995 999
¥S 1S
8IS LIS
vey  £6v
0Ly 69Y
Iy St
2 12y
86 L6E
b€ L8
0S€ 6vE
928 G2¢
208 108
82 LLZ
¥5e €52
0£2 622
907 S02
281 181
8GL  S1
el €€l
0LL 60l
% 8
29 19
%€ L€
L €l
11Ol

95
91§
c6v

Ocv
96t

clE

et

8.¢
¢S¢
8d¢
P0¢
081
0§l
ctl
801

¢l

€96
6£5
GiS
1314
L9V

187
G6t
LLE
Lt
£et
66¢
GLC
15¢
Lée
£0¢
61
GGl
el
L0}
€8

65

Gt

L

¢9% 196 09§
884G /8GOS
PIS €IS ¢IS
06v 68y 88b
9Oy GO ¥ob
cry vy O
8y Ly 9ib
P6€ €6E C6E
0/€ 692 89t
gt Gt Wit
¢ct et 0cE
86¢ L6C 96¢
vl tlc dle
05¢ 6¥¢ 8¢
9¢¢ S¢¢ V¥id
¢0¢ 10¢ 00¢
8.1 L} 9|
pSL ESL ¢Sl
0t 621 8¢l
0l S0I 401
8 I8 08
8¢ L& 96
& t& ¢t
0L 6 8

655
GES
L1S
L8Y
e9¥
6tV
Gl¥
L6t
L9%
bt
6l
G6¢
X4
AL
£cc
661
SL}
1G1
L3l
e0}
6.
GG
1€
L

855
PeS
01§

3 &g

434

Ay’
8l
¥6¢
0l¢
9ve

861
/A
051
9l
¢0l

©8 3R

LSS
£eS
605
°1%14
19v
LEY
Eiy
68t
GOt
342
LIE
£6¢
69¢
Gve
XA
L6}
€Ll
6¥1
Gel
10}

£
6¢

382288

3

- 3 R

¢6¢
89¢
447
0ce
361
¢ll
t1d
vel
001
9.

¢S

8¢

GSS
LES
£0S

65y
aey
LY
JA:1>

6EL
GiIE
16¢C
L{9¢
Eve
6ic
G61
1L}
A4
X

SL
1§
Le

P5G  £99
085 6¢S
905 4G0S
8y 18F
8s¥ [SP
ey  EEp

Oy 60F
98t GBC
co%t |9€
8tt /[EE
PlE EIE
06¢ 68¢
99¢ G9¢
A LAY (4
8lc Ll¢
P61 €61
0} 691
vl Spl
AAS YA
86 /6
b, &l
0S5 6V
98¢ G¢
¢ d



U.S. Patent

Nov. 16, 1999

FIG.12

24

Sheet 12 of 26

DATA SIZE (X)

24  DATA SIZE (Y)

1

549
550
551
952
553
554
555
556
557
558
559
560

561
562

563
565

IMAGE DATA

566
567
568
569
570
571
572
573
574
575
076

5,986,699



U.S. Patent Nov. 16, 1999 Sheet 13 of 26 5,986,699

FIG.13

READ SIZE OF ORIGINAL IMAGE
orig_size_x = ORIGINAL SIZE (X DIRECTION) |~ S101
orig_size_y = ORIGINAL SIZE (Y DIRECTION

READ ORIGINAL IMAGE S102
READ PREDETERMINED MAGNIFICATION RATE DATA
mag[i]= (2,3,5,7) S103

mag_num = MAGNIFICATION RATE DATA NUMBER (4)

iImage_size_x = orig_size_X 3104

image_size_y = ong_size_y

-0 }s105

5106
$107
S108
G

NO S109

NO

- MOD(image_size_x, mag[i}==07

MOD(image_size_y, mag[i]==07

YES
image_size_x = image_size_x /mag|[i]

S111

image_size_y = image_size_y/mag[i] S112

out_mag (out_mag_num) =mag || ]
out_mag_num = out_mag_num + 1 S113

S114

S115



U.S. Patent Nov. 16, 1999 Sheet 14 of 26 5,986,699

FIG.14

(A S116

CALCULATE OUTPUT HEADER SIZE
OUTPUT HEADER SIZE
= STANDARD SIZE AREA + MAGNIFICATION RATE DATA NUMBER AREA
+MAGNIFICATION RATE DATA AREA
header_num =2 + 1 + out_mag_num

CALCULATE TOTAL DATA SIZE
TOTAL DATA SIZE = HEADER SIZE AREA + HEADER SIZE + IMAGE DATA SIZE
total = 1 + header_num + (orig_size_x* orig_size_y)

WRITE TOTAL DATA SIZE S117
(total)
5118
(header_num) 3119

WRITE STANDARD SIZE

(imge_size_x, image_size_y) 3120

WRITE MAGNIFICATION RATE DATA NUMBER
(out_mag_num) S121

S122
S123

S124

YES
- WRITE MAGNIFICATION RATE
(out_mag [ i])

S125

S126
s127
®



U.S. Patent Nov. 16, 1999 Sheet 15 of 26 5,986,699

FIG.15

WRITE IMAGE DATA S130
| ( r | )

$131

S132

YES

1INO

132

S134

YES

NO

___n=0  |S13
C



U.S. Patent Nov. 16, 1999 Sheet 16 of 26 5,986,699

FIG.16
C

pre_skip_x = skip_x S136
skip_x = skip_x/out_mag|[ra] S137
pre_skip_y = skip_y S138

5139

=0 |~_S140
__i=0 _|~-8141
S142

MOD( |, pre_skip_x)==07? YES

WRITE IMAGE DATA
(. i)

- S144
S145

YES

NO

S146

S147

YES

NO

O



U.S. Patent

Nov. 16, 1999 Sheet 17 of 26

FIG.17

C

NO

=0 ~.S148

S149

MOD( j, pre_skip_y ) ==07 YES

NO

___ =0 P~—s150

S152

S183

NO
154

S155

&
| < orig_size_y ?

NO

156

S157

YES

NO

5,986,699



U.S. Patent

FIG.18

Nov. 16, 1999

o O
— O

s
<«©

295

5 S

151
157

163
439
451

10

16

22

148
154
160
166
292
298
304
310
436
442

454
73
76
79
82
85
88
01
94
217

220

TOTAL DATA SIZE
HEADER SIZE
STANDARD SIZE ( X )
STANDARD SIZE ( Y

MAGNIFICATION RATE DATA NUMBER

MAGNIFICATION RATE DATA
MAGNIFICATION RATE DATA
MAGNIFICATION RATE DATA
MAGNIFICATION RATE DATA

IMAGE DATA (FROM HERE ON) -«-LEADING END

bkl W R A A Al

Sheet 18 of 26

574

575
576

5,986,699



U.S. Patent Nov. 16, 1999 Sheet 19 of 26 5,986,699

FIG.19

DISPLAY MINI SUB-IMAGE
(WHEN THE SIZE = 4 x 4 PIXELS)

CALCULATE READ NUMBER
(16 BYTES) S301
READ 16 BYTES FROM
LEADING END OF IMAGE FILE S302

$303

FIG.20

DISPLAY MINI SUB-IMAGE
(WHEN THE SIZE = 6 x 6 PIXELS)

CALCULATE READ NUMBER
(64 BYTES) 5401

READ 64 BYTES FROM
LEADING END OF IMAGE FILE 5402
S403
DISPLAY S404



U.S. Patent Nov. 16, 1999 Sheet 20 of 26 5,986,699

FIG.21
START
out_x = MINI SUB-IMAGE SIZE (X DIRECTION) S196
out_y = MINI SUB-IMAGE SIZE (Y DIRECTION)

READ TOTAL DATA SIZE AND HEADER SIZE S197
READ STANDARD SIZE S198

STORE STANDARD SIZE
standard_x = STANDARD SIZE (X DIRECTION) 3199
standard_y = STANDARD SIZE (Y DIRECTION)

READ MAGNIFICATION RATE
DATA NUMBER 5200
STORE MAGNIFICATION RATE DATANUMBER | .51
ra_num = MAGNIFICATION RATE DATA NUMBER
- i=0 |

5202
S203

S207
NO
READ MAGNIFICATION $204 CAN
RATE DATA

out_ x AND
out_y BE PRODUCED

THROUGH ENLARGING standard x NO

out mag[i]= AND standard_y WITH
MAGNIFICATION RATE DATA 3205 MAGNIFICATION RATES
out_mag|i]
S206 !

YES

S210 S208

DETERMINE mini_x| | DETERMINE mini_x
AND mini_y AND mini_y
S211 S209

out’ X =out_x out’' _Xx=mini_x
out' _y=out_y out’' _y=mini_y

E



U.S. Patent Nov. 16, 1999 Sheet 21 of 26
FIG.22
E
S212
S213
S214
skip_y = out' _y / standard S215
__i=0  [~_8216
- j=o S217
S218
S219
5220
S221
YES ‘-'lgla!lg..,,
NO
5222
NO ~S233

YES

S224

STANDARD DATA > MINI SUB-IMAGE SIZE 7

NO

5,986,699



U.S. Patent Nov. 16, 1999 Sheet 22 of 26 5,986,699

FIG.23
©
-0 }-_S226
(L
S227

S228

8229
pre_skip_y = skip_y S230

S231
S232

current size x =

current_size_x*kmag'[ra]

current size

skip_y =out’_y/current_size_y
=0 }~5233

=0 }~—S234
S235

MOD( j, pre_skip_x)==07? YES

READ IMAGE DATA

STORE IMAGE DATA IN
(i)

S238

S239

Y8 eon 7>

NO

5240

- S241

B oy

NO

H,

= current_size_y % mag




U.S. Patent

Nov. 16, 1999 Sheet 23 of 26
FIG.24
(H
NO
=0 |~_S242
S243
NO
=0 I~_g9244

5245

STORE IMAGE DATA IN|——S246
(i)

S247

5248

<>

NO

$249

5250

T

NO
S251

S252

YES
NO

5253

5,986,699

S254

out)_x=out X7~ NO__"71\NING PROCESS
out' x=out x7? THINNING PROCESS



5,986,699

Sheet 24 of 26

Nov. 16, 1999

U.S. Patent

9¢%

cot
0it

991

EH

£cS
2
6.
L0t
Gte
€91
16

6}

0¢S

9.t

cte
091

9l

LS

£lE
10t
6¢¢
LSl
G8
el

145
chy
0LE
86¢C
9¢¢
2L

Ol

817
L0t
€9}
61

1S
6tV
L9
56¢
£c¢e
1G]
6.

10€
LS}
tl

805  S0S
oy  Eeb
9E 196
26c  68¢
0cc  LIC
el Gl
9. el
y _
g=A"no
g=X Ino
6Ey  eeb
G6¢ 682
1G] Sil
L |
p=Ano
v =X }no

(8) G2'OI4

(P) GZz'OI

10E

LSl

q

1 =AIN0
| =X N0

(0) Gg'®I4

(Q) G2'OId

(e) Gg'OId



Sheet 25 of 26

5,986,699

U.S. Patent Nov. 16, 1999

FIG.25 (f)
out x=9
outy=9
1 3 5 8 11 14 17 20 23
49 51 53 56 59 62 65 68 71
97 99 101 104 107 110 113 116 119
169 171 173 176 179 182 185 188 191
241 243 245 248 251 254 257 260 263
313 315 317 320 323 326 329 332 335
385 387 389 392 395 398 401 404 407
457 459 461 464 467 470 473 476 479
529 531 533 536 539 542 545 548 551



U.S. Patent Nov. 16, 1999 Sheet 26 of 26 5,986,699

FI1G.26

20
“ 4
/ IMAGE DATA

HOST

FIG.27

SEND DATA FROM HOST
COMPUTER (SEND IN ORDER S901
FROM THE LEADING END)

RECEIVE DATA BY PRINTER

HAS DATA OF THE

REQUIRED SIZE BEEN
RECEIVED ?

YES



3,986,699

1

IMAGE DEVICE THAT REARRANGES DATA
FOR SUB-IMAGE PRESENTATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates to an 1mage storing-and-
outputting device for storing 1mage data and then outputting
the 1mage data.

2. Description of the Related Art

There 1s conventionally known an image storing-and-
outputting device for storing 1mage data and then outputting
the 1image data. The 1mage data 1s bit map data constructed
from a plurality of sets of pixel data arranged two-
dimensionally.

FIG. 1(a) illustrates how the image data of a plurality of
pixels are displayed on a display screen. FIG. 1(b) shows
how the 1mage data 1s stored 1n a memory area of the image
storing-and-outputting device. As apparent from the
drawing, the plurality of sets of pixel data are stored in the
memory arca 1n a sequential fashion 1n correspondence with
the order 1n which the pixels will be displayed on the screen.

Conventionally, there 1s proposed an 1mage storing-and-
outputting device of a type that can output a mini sub-image
which represents the original image but which has a reduced
size. When instructed by a user to produce a mini sub-image
of the user’s desired size, the device creates the mini
sub-image. Alternatively, the device previously stores data
of a mini sub-image of a certain size together with the data
of the original 1mage. In this case, the device stores the data
of the mini sub-image 1n a header portion of the memory as
shown in FIG. 1(b). The mini sub-image data is produced
through thinning the original image data.

SUMMARY OF THE INVENTION

In order to store the mini sub-image data together with the
original 1image data, the image storing-and-outputting device
has to be formed with a large amount of memory area at the
head portion.

When a display device, connected to the 1image storing-
and-outputting device, 1s changed with a new one, however,
the resolution of the display device will possibly change. In
this case, a reduction rate, with which the original image has
to be reduced into the mini sub-image, will also change.
Accordingly, every time the reduction rate thus changes, the
image storing-and-outputting device has to create the mini
sub-image of the fixed size. The device has to retrieve the
entire 1image data from the memory area and thin the entire
image data into the mini sub-image data. It takes a long
per1od of time to process the entire 1mage data to produce the
min1 sub-image data. It therefore takes a long period of time
before the min1 sub-image 1s finally obtained and displayed.

In order to create and then display the mini sub-image
within a short period of time, the 1mage storing-and-
outputting device has to be equipped with a sufficiently large
memory arca and with a high speed processor.

An object of the present invention 1s therefore to solve the
above-described problems, and to provide an improved
image storing-and-outputting device which does not need
any memory areas especially used for storing the mini
sub-image, which can easily produce the mini sub-image
within a short period of time without performing the thin-
ning process onto the original image data, and which can
produce and output various images of lowered resolutions.

In order to attain the above and other objects, the present
invention provides an image outputting device for output-
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2

ting image data, the device comprising: reception means for
receiving a plurality of sets of pixel data 1in a sequential
order, the plurality of sets of pixel data constituting a data
matrix indicative of an entire original 1mage; rearranging
means for rearranging at least partly the received plurality of
sets of pixel data 1 a predetermined non-sequential order;
and retrieving means for retrieving at least a part of the
rearranged sets of pixel data in a sequential order as rear-
ranged by the rearranging means.

The 1image outputting device may further comprise output
means for further rearranging the retrieved sets of pixel data
in another predetermined non-sequential order to reproduce
the original 1mage.

The 1mage outputting device may further comprise stor-
age means for storing the rearranged sets of pixel data in the
sequential order as rearranged by the rearranging means, the
retrieving means retrieving the rearranged sets of pixel data
in the order stored in the storage means.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the 1nvention will become more apparent from reading the
following description of the preferred embodiment taken in
connection with the accompanying drawings 1n which:

FIG. 1(a) 1llustrates how a plurality of sets of pixel data
are received and displayed;

FIG. 1(b) illustrates how the plurality of sets of pixel data
of FIG. 1(a) are stored in a conventional image storing-and-
outputting device;

FIG. 2(a) 1llustrates how a plurality of sets of pixel data
(1)-(16) are renumbered and are displayed;

FIG. 2(b) illustrates how the renumbered plurality of sets
of pixel data of FIG. 2(a) are stored in an image storing-
and-outputting device of the present invention;

FIG. 2(c) illustrates how a mini sub-image is produced
from four sets of pixel data;

FIG. 3 1s a block diagram of an 1mage storing-and-
outputting device according to an embodiment of the present
mvention;

FIG. 4(a) illustrates how a plurality of sets of pixel data
(1)(64) are renumbered and then displayed;

FIG. 4(b) illustrates how the renumbered plurality of sets
of pixel data of FIG. 4(a) are stored in the image storing-
and-outputting device of the present embodiment;

FIG. 5(a) illustrates how a mini sub-image (standard
image) 1s produced from four sets of pixel data retrieved
from the memory shown in FIG. 4(b);

FIG. 5(b) 1llustrates how another mini sub-image is pro-

duced from 16 sets of pixel data retrieved from the memory
shown in FIG. 4(b);

FIG. 5(c) illustrates how the original image i1s produced
from 64 sets of pixel data retrieved from the memory shown
in FIG. 4(b);

FIG. 6(a) illustrates an example of a standard image;

FIG. 6(b) illustrates an example of a mini sub-image

which 1s obtained through enlarging the standard image of
FIG. 6(a) in each of the X and Y directions with a magni-
fication rate of two;

FIG. 6(c) illustrates an example of another mini sub-
image which 1s obtained through enlarging the 1mage of
FIG. 6(b) in each of the X and Y directions with a magni-
fication rate of three;

FIG. 6(d) illustrates an example of another mini sub-
image which 1s obtained through enlarging the 1mage of
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FIG. 6(c) in each of the X and Y directions with a magni-
fication rate of two;

FIG. 7 illustrates an example of a header component

stored together with the renumbered plurality of sets of pixel
data of FIG. 6(c);

FIG. 8 1s a flow chart of producing the min1 sub-image of
FIG. 6(c) with a size of 12x12 based on data format shown
i FIG. 7;

FIG. 9 1llustrates how to store the pixel data of the 12x12
min1 sub-image into 12x12 storage addresses;

FIG. 10 1llustrates a table showing how to displaying pixel
data stored 1n the respective storage addresses of FIG. 9 onto
pixel positions to display the 12x12 mini1 sub-image;

FIG. 11 illustrates how original pixel data 1s arranged in
an original with a size of (24x24) when the original pixel
data 1s received by the 1mage storing-and-outputting device
of the present embodiment;

FIG. 12 illustrates data format of the original 1mage data;

FIG. 13 1s a part of a flow chart of an encoding process
for rearranging the original pixel data into the storage format
of the present embodiment and for storing the rearranged
pixel data;

FIG. 14 1s another part of the flow chart of the encoding
process of FIG. 13;

FIG. 15 1s still another part of the flow chart of the
encoding process of FIG. 13;

FIG. 16 1s still another part of the flow chart of the
encoding process of FIG. 13;

FIG. 17 1s still another part of the flow chart of the
encoding process of FIG. 13;

FIG. 18 1illustrates an example of data format obtained
through the encoding process of FIGS. 13-17;

FIG. 19 1s a flow chart of a display process for displaying,
a mini sub-image with a size of 4x4;

FIG. 20 1s a flow chart of a display process for displaying
a mini sub-image with a size of 6x6;

FIG. 21 1s a part of a flow chart of a decoding process for
creating a desired min1 sub-image through retrieving corre-
sponding number of pixel data from the pixel data of FIG.
18 and then arranging the pixel data for display;

FIG. 22 1s another part of the flow chart of the decoding
Process;

FIG. 23 1s still another part of the flow chart of the
decoding process;

FIG. 24 1s still another part of the flow chart of the
decoding process;

FIG. 25(a) illustrates an example of a mini sub-image
with a size of 1x1 obtained through the decoding process;

FIG. 25(b) illustrates an example of another mini sub-
image with a size of 2x2;

FIG. 25(c) illustrates an example of another mini sub-
image with a size of 3x3 which 1s produced through thinning
a mini sub-image with a size of 4x4;

FIG. 25(d) illustrates an example of the mini sub-image
with the size of 4x4 obtained through the decoding process;

FIG. 25(e) illustrates an example of a mini sub-image
with a size of 8x8 obtained through the decoding process;

FIG. 25(f) illustrates an example of another mini sub-
image with a size of 9x9 which 1s produced through thinning
a mini sub-image with a size of 24x24;

FIG. 26 1s an explanatory diagram of a modification of the
image storing-and-outputting device of the present inven-
tion; and
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FIG. 27 1s a flow chart of a data sending process employed
in the modification.

DETAILED DESCRIPTION OF THE
INVENTION

An 1mage storing-and-outputting device according to the
present 1nvention will be described while referring to the
accompanying drawings wherein like parts and components
are designated by the same reference numerals to avoid
duplicating description.

First, the 1mage storing-and-outputting device of the
present invention will be briefly described with reference to
FIGS. 2(a) through 2(c¢).

It 1s now assumed that the image storing-and-outputting,
device receives a data matrix shown i FIG. 2(a), for
example. The data matrix includes a plurality of sets of (16
in this example) pixel data (bit map data). The 16 sets of
pixel data constitute an entire original image. In the same
manner as 1n the conventional 1image storing-and-outputting
device, the 1mage storing-and-outputting device of the
present 1nvention receives the pixel data 1in a sequential
order represented by the number in parentheses. That 1s, the
device receives the series of sets of pixel data (1), (2), . . .
, and (16) in this order. When arranged as shown in FIG.
2(a), the 16 sets of pixel data (1)—-16) reproduce the original
1mage.

In the 1mage storing-and-outputting device of the present
invention, the received plurality of sets of pixel data are then
renumbered 1n a predetermined non-sequential order as also
shown in FIG. 2(a). For example, the pixel data (2) is
renumbered as 5, and the pixel data (3) is renumbered as 2.
As shown in FIG. 2(b), the thus renumbered 16 sets of pixel
data are stored 1n a memory area, such as a bufler memory,
in a sequential order of the newly-assigned number. That 1s,
the 16 sets of pixel data, which are now numbered 1, 2, 3,
..., and 16, are stored 1n the number order 1,2, 3, ..., and
16. Accordingly, the pixel data originally numbered as (1),

(3),(9), ..., (15), and (16) are stored in this order.

It 1s noted that 1n this example, all the 16 sets of pixel data
for the original image are stored in the memory area.
However, the pixel data of only a part of the original image
may be stored in the memory area. For example, the device
may store only the sets of pixel data 1, 2, 3, and 4 m this

order. That is, the device may store only the pixel data (1),
(3), (9), and (11) in this order.

When outputting the original image for display, the 16
sets of pixel data 1-16 are successively retrieved from the
leading end of the memory area in FIG. 2(b), and then
arranged 1n the non-sequential order into the original data
matrix as shown in FIG. 2(a). When producing a mini
sub-image as shown in FIG. 2(c), only pixel data of the
corresponding number will be successively retrieved from
the leading end of the memory area. For example, when
desiring to obtain a mini sub-image with a size of 2x2, four
sets of pixel data 1 through 4 are successively retrieved from
the memory area, and are arranged as shown in FIG. 2(c¢).
Accordingly, the min1 sub-image 1s produced by the four
pixels (1), (3), (9), and (11). Then, the 2x2 min1 sub-image
1s outputted to a display device. Thus, a min1 sub-image of
a desired resolution and of a desired display size can be
obtained simply through successively retrieving a corre-
sponding number of sets of pixel data from the leading end
of the memory area and then rearranging the retrieved pixel
data 1n the non-sequential order.

Next will be described an 1mage storing-and-outputting,
device according to an embodiment of the present invention.
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FIG. 3 schematically shows the image storing-and-
outputting device 100 of this embodiment. In the device 100,
a CPU 1, a RAM 2, a ROM 3, a disk device 4, a display
device S, and interfaces 7 and 9 are connected to each other
via a bus line 6. The device 100 1s connected to a scanner 8
via the interface 7, and 1s connected to a printer 10 via the
interface 9.

The CPU 1 1s for controlling the entire device 100. The
ROM 3 stores therein control programs which the CPU 1
executes for controlling the entire device 100. For example,
the ROM 3 stores a control program of a mini1 sub-image

displaying process shown in FIG. 8. The ROM 3 also stores
font data and so on.

The RAM 2 1s formed with memory areas, such as a work
areca, 1n which data 1s temporarily stored during data pro-
cessing operations. For example, the RAM 2 1s formed with
storage arcas shown 1n FIG. 9 and a table shown 1n FIG. 10,
in which data 1s temporarily stored during the mini sub-
image displaying process as will be described later.

The interface 7 1s for receiving a plurality of sets of pixel
data from the 1mage scanner 8, for example. All the sets of
pixel data constitute an original 1image. In this example, the
original 1mage 1s constructed from 64 sets of pixel data
(1)«(64) as shown in FIG. 4(a). It is noted that each square
in FIG. 4(a) corresponds to a pixel, and a number in a
parenthesis appearing 1n each square corresponds to a pixel
number. The interface 7 successively receives the pixel data
set series according to an order of the number in the
parenthesis. That 1s, the 1nterface 7 successively receives the
pixel data sets (1)—(64) in this order. The pixel data sets
(1)(64) are for constituting the original image as shown in
FIG. 4(a). That is, the original image is reproduced when the

pixel data sets (1)—-(64) are displayed on the display device
5 as shown in FIG. 4(a).

The disk device 4 1s for storing all the pixel data sets
inputted from the scanner 8 in a format shown in FIG. 4(b).
According to the embodiment, before being stored, the 64
sets of pixel data (1)—(64) are renumbered as shown in FIG.
4(a), and then stored 1in the disk device 4 in the renumbered
order. As a result, as apparent from FIG. 4(b), the sets of
pixel data (1), (5), (33), . . ., and (64) are stored in this order
from the leading end toward the trailing end. Thus, the disk
device 4 stores all the sets of pixel data 1n the sequence of
the newly-assigned pixel numbers. The disk device 4 1is
formatted such that pixel data sets will be read out 1n the
number sequence of the newly-assigned pixel numbers.

The display device 35 1s for displaying the entire original
image as shown in FIG. 5(c) based on all the sets of pixel
data (1)—(64) stored in the disk device 4. The display device
S5 can display a min1 sub-image when a corresponding
amount of pixel data 1s sent from the disk device 4 to the
display device 5. For example, the display device 5 displays
a mini sub-image of FIG. 5(a) when four sets of pixel data
(1), (5), (33), and (37) , which are stored first through fourth
in the memory area, are retrieved from the disk device 4. The
display device 5 displays another mini sub-image of FIG.
5(b) when 16 sets of pixel data (1), . . ., and (85), which are
stored first through 16-th 1n the memory area, are retrieved
from the disk device 4. Thus, the size of the displayed mini
sub-image 1ncreases as the number of retrieved pixels
increases. In this case, when all of the 64 pixels (1)-(64) are
read out, the original image shown in FIG. 5(c) will be
displayed. It 1s noted that in the present description, the
number of pixels constituting each 1image 1s very small for
simplicity and clarity. However, 1n actual practice, each of
the mini sub-images and the full-size (original) image is
made up of many more pixels.
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Next will be given a more detailed description of how to
store the received pixel data and of how to produce mini
sub-images of various sizes according to the present
embodiment.

The following description 1s given for an example where
the device 100 receives 576 sets of pixel data (1) through
(576) which are arranged as shown in FIG. 6(d) to reproduce
an original 1mage. That 1s, the original 1mage has a size of
24x24. In more concrete terms, the original image has 576

pixels (1)~(576) which are arranged in 24 rows or lines and
in 24 columns. Each of the 24 rows extends 1n a X direction,
and each of the 24 columns extends i a Y direction
perpendicular to the X direction.

In FIG. 6(d), in the same manner as described above with
reference to FIGS. 2(a) through 5(c), the numeral in a
parenthesis appearing in each pixel indicates the order in
which the pixel 1s transmitted from the 1mage scanner 8 and
therefore 1s to be arranged for displaying the original image.
In other words, the pixel data sets (1)(576) are transmitted
from the 1mage scanner 8 i1n this order. The pixel data sets
(1)«(576) arranged as shown in FIG. 6(d) reproduces the
original 1image. The other numeral also appearing 1n each
pixel indicates the order i which the pixel 1s stored 1n the
disk device 4 and then 1s to be retrieved from the disk device
4. For example, the pixel data (1) is stored first, the pixel
data (2) is stored 145th, and the pixel data (3) is stored 17-th
in the disk device 4. The pixel data (1) will be retrieved first,
the pixel data (2) will be retrieved 145-th, and the pixel data
(3) will be retrieved 17-th from the disk device 4.

FIG. 7 shows an example of a data format according to
which the pixel data sets (1)~(576) are stored in the disk
device 4. In FIG. 7, each cell indicates one byte. This format
stores a header component preceding all the sets of pixel
data (1)—(576).

The contents of the header component will now be
described. “Standard size” indicates the size of a standard
image determined for the original 1image. In this example,
the standard image is determined as shown in FIG. 6(a) to
have a size of 2x2. It 1s noted that a minimum 1mage with
a size of 1x1 may be determined for the standard 1image. In
this case, the minimum size of 1x1 1s stored as the “standard
size”. The “magnification rate data” includes several mag-
nification rates 1n a certain order. In this example, magnifi-
cation rates of 2, 3, and 2 are stored. The magnification rates
will be used to produce other mini sub-images of various
sizes and the original 1mage based on the standard size
image. In this example, the magnification rate of 2 1is
determined for obtaining another mini sub-image shown in
FIG. 6(b) with a size of 4x4. This is because the 4x4 image
can be obtained through enlarging or magnifying the 2x2
image with the magnification rate of 2 1n each of the X and
Y directions. The magnification rate of 3 1s determined for
obtaining still another mini sub-image shown in FIG. 6(c)
with a size of 12x12. This 1s because the 12x12 1mage can
be obtained through enlarging the 4x4 i1mage with the
magnification rate of 3 1n each of the X and Y directions. The
magnification rate of 2 1s further determined for obtaining
the original image shown in FIG. 6(d) with the size of
24x24. This 1s because the 24x24 1mage can be obtained
through enlarging the 12x12 image with the magnification
rate of 2 1n each of the X and Y directions. “Magnification
rate data number” i1ndicates the total number of “magnifi-
cation rate data”. In this case, the “Magnification rate data
number” 1s 3. “Header size” indicates the size of the header
component, 1.€., the sum of: the size of the “Standard Size”
area (2 bytes), the size of the “Magnification Rate Date
Number” area (1 byte), and the size of the “Magnification
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Rate Data” area (3 bytes in this example). Accordingly, in
this case, the “Header size” 1s 6 bytes. “Total data size”
indicates the size of the entire data format, 1.e., a sum of: the
sizes of all the pixel data sets (576, in this example), the size
of the “Header Size” area (1 byte), and the header size (6
byte in this example). Accordingly, in this example, the total
data size 1s 583 bytes.

Based on data stored in the disk device 4 with the
above-described format, the mini sub-images of FIGS. 6(a)
—6(c) and the original 1image of FIG. 6(d) are produced as
described below.

The 2x2 (standard size) mini sub-image of FIG. 6(a) is
obtained when four pixels 1-4 are read out and arranged as
shown in the figure. The 4x4 mini sub-image of FIG. 6(b) is
obtained when 16 pixels 1-16 are retrieved and arranged as
shown 1n the figure. Similarly, the 12x12 min1 sub-image of
FIG. 6 (¢) is obtained when 144 pixels 1-144 are retrieved
and arranged as shown 1n the figure. The 24x24 original
image of FIG. 6(d) 1s obtained when all the 576 pixels 1-576
are retrieved and arranged as shown 1n the figure.

In order to produce the standard image of FIG. 6(a), pixels
“1” through “4,” which are stored in the first through fourth
positions 1n the pixel data storage area of the disk device 4,
are retrieved and arranged as shown 1n the drawing.

When one mini sub-image (which will be referred to a
mini sub-image I) is produced, a larger-sized image (which
will be referred to a mini sub-image I') can be produced
through enlarging the already-produced mini sub-image I
with a corresponding magnification rate. In order to magnity
the already-produced min1 sub-image I, pixels are succes-
sively retrieved from the disk device 4 at locations next to
the locations, from which pixels have been already retrieved
to produce the mim sub-image 1. The retrieved pixels are
arranged first in the X direction (the horizontal scanning
direction) and then in the Y direction (the vertical scanning
direction). In more concrete terms, in order to enlarge the
image size 1n the X direction, thus newly-retrieved pixels are
located between each two adjacent pixels, which are already
retrieved and arranged 1n the mini sub-image I. The number
of the pixels, newly added between each two adjacent pixels,
1s equal to a number obtained by subtracting a value of “1”
from the magnification rate value. For example, one pixel is
retrieved and added between each two adjacent already-
retrieved pixels of the 1image I when enlarging the image 1
with the magnification rate of “2”. Successively-retrieved
two pixels are added between each two adjacent already-
retrieved pixels of the 1image I when enlarging the already-
produced 1mage I with the magnification rate of “3”. In order
to enlarge the 1mage 1n the Y direction, on the other hand,
lines (a group of pixels running in the X direction) are newly
added between each two adjacent pixel lines which have
been enlarged as described above 1n the X direction. The
number of the lines, newly added between two adjacent
lines, 1s equal to a value obtained through subtracting the
value of “1” from the magnification rate value. Then, extra
pixels are arranged to the right and lower ends of the 1image.

For example, 1in order to enlarge the standard 1mage of
FIG. 6(a) in each of the X and Y directions with the
magnification rate of 2 to produce the mini sub-image of
FIG. 6(b), a pixel 5 is retrieved from the fifth location in the
pixel data storage area of the disk device 4, and 1s positioned
between the pixels 1 and 2 of the standard image. Then, a
pixel 6 1s retrieved from the sixth location 1n the pixel data
storage arca of the disk device 4, and 1s positioned at the
right end. Stmilarly, pixels 7 and 8 are retrieved and posi-
tioned on the second line. Thus, the 1image 1s doubled 1n size
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in the X direction. The image 1s then doubled 1n size 1n the
Y direction. That is, a line (pixels 9, 10, 11, and 12) is
produced between the first line (pixels 1, 5, 2, and 6) and the
second line (pixels 3, 7, 4, and 8). Another line (pixels 13,
14, 15, and 16) is positioned at the lower end. As a result, the
image of FIG. 6(b) is obtained. This image has a size twice
as large as that in FIG. 6(a) in each of the X and Y directions.

Processing operations basically the same as the above-
described operations are applied to enlarge the already-
produced image of FIG. 6(b) into the image of FIG. 6(c).
Similarly, processing operations basically the same as the
above-described operations are applied to enlarge the
already-produced image of FIG. 6(c) into the image of FIG.
6(d).

FIG. 8 1s a flow chart of a process for producing the 12x12
mini sub-image of FIG. 6(c) based on the data format as
shown 1n FIG. 7. First, 1n S1, an area for storing image data
of 12x12=144 bytes 1s ensured in the RAM 2. FIG. 9 shows
the 1mage data storage area 1n the RAM 2. The address of the
image data storage arca begins with 1000H where H 1ndi-
cates that 1000 1s hexadecimal. Data in each address will be
displayed on a pixel with 1ts pixel number being stored 1n a
corresponding location shown m a table of FIG. 10. The
table of FIG. 10 1s also produced in S1 for producing the
12x12 mim sub-image. For mstance, data, numbered “20,”
1s written into the address 1005H, and will be displayed at
the sixth position from the left on the first line of the 12x12
image as shown in FIG. 6(c).

Next, the header component of the 1mage data 1s retrieved
from the disk device § i S2. The header component
indicates that 1mage data, stored together with this header
component, 1s formatted such that the standard size 1s 2x2,
and that the original image will be produced with the
magnification rates of 2, 3, and 2. The standard size data and
the magnification rate data are temporarily written in the
RAM 2 1in S3 and S4. These data indicate that as image data
1s read successively from the leading end, 1mages with sizes
of 2x2, 4x4, 12x12, and 24x24 will be obtained succes-
sively. Since the size of the 1image desired to be produced is
now 12x12, the image can be formed without any thinning
operations (reduction procedure). It can be scen that this
minl sub-image can be formed when 12x12=144 bytes of
pixel data has been read out from the leading end of the
image data storage area in the disk device 4.

Next, the CPU 1 starts reading pixel data from the data
format of FIG. 7 1n SS§. First, in S6, the CPU 1 reads data
enough to produce the standard size. Because the standard
size 1s composed of four pixels 1n this example, 4 bytes are
read from the leading end. The retrieved four pixel data are
written 1n the 1mage data storage area of FIG. 9 1n S7. As to
the storage position of the pixel data, since the desired image
size 1s 12x12, five more pixels must be 1nserted between
these standard pixels. Therefore, the retrieved four pixel data
“17, <27, “3”, and “4” are stored such that there will be five
pixels” worth of spaces between the pixels. For example, the
CPU 1 stores the first and second data in the addresses of
1000H and 1006H, respectively, while referring to the table
of FIG. 10.

Next, this 1mage 1s enlarged 1n S8 and S9 1n each of the
X and Y directions with the magnification rate of “2” which
appears first in the header magnification rate data area of
FIG. 7. This 1s accomplished by inserting one pixel between
the standard pixels as shown in FIG. 6(b). In order to attain
this procedure, four pixel data (the fifth to eighth) are read
out 1n order to enlarge the standard image 1n the X direction,
and eight pixel data (the ninth to 16th) are read out in order
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to enlarge the 1mage 1n the Y direction. For example, the
CPU 1 stores the {ifth pixel data 1n the address 1003H while

referring to the table of FIG. 10. Next, the pixel data from
the 17th to the 144th pixel data are read out and stored 1n the

image data storage area of FIG. 9 as shown in FIG. 6(c) in
S10 and S11. Then, the mini sub-image of 12x12 pixels 1s

produced and 1s transmaitted to the display 5 where the 1mage
is displayed as shown in FIG. 6(c).

The method of converting the original image into the
image format of the present invention will now be described
in greater detail. This method mvolves serially reading the
original 1mage with the 1mage scanner 8 or the like, rear-
ranging or encoding the obtained original image data in the
predetermined non-sequential order, and then storing the
rearranged product.

FIG. 11 shows data of an example of an original 1mage
with a size of 24x24. The numbers in the data indicate the
sequence how pixel data 1s created by the 1mage scanner 8.
That 1s, the data 1s created from the upper left to the lower
right. FIG. 12 shows the data format of the image of FIG. 11.
The data size (24x24) is given at the leading end, and
thereafter the 1mage data 1s given in the order shown 1n FIG.
12. FIGS. 13 through 17 are flow charts of the process for
encoding the received original 1mage data into the data
format of the present embodiment. In this example, the
image data of FIG. 12 1s encoded into data format as shown
in FIG. 18. Thus, the pixel data 1-576 arc rearranged 1nto the
non-sequential order as shown 1n FIG. 18. It 1s noted that in
the above description, the inputted pixels are rearranged
after being renumbered as shown in FIGS. 2(a)-10. In the
following description, however, the pixels 1-576 are rear-
ranged without being renumbered. That 1s, the pixels 1, 2, 3,
4, ..., and 575, and 576 arranged 1n this order as Shown 1n
FIG 12 will be merely rearranged as shown 1 FIG. 18. That
1s, 1n the data format of FIG. 18, the pixels 1, 13, 289, 301,
..., 575, and 576 arc arranged as the first, the second, the
third, . . ., the 575-th, and the 576-th pixels.

In the encoding process, first in S101, the size data of the
inputted original image 1 each of the X and Y directions
(X=24, Y=24 in this example) is read out from the data
format of FIG. 12. Then, in $S102, the original 1mage data 1s
read out from the 1mage scanner 8 while referring to the read
out size data.

In S103, predetermined magnification rate data 1s read out
from the ROM 3. The ROM 3 previously stores therein data
of several magnification rates mag[i]. In this example, the
ROM 3 previously stores data of four magnification rates of
2, 3,5, and 7. That is, mag|0]=2, mag| 1]=3, mag|2]=5, and
mag|3]|=7. The total number “mag_num” of the magnifica-
fion rates thus prestored 1n the ROM 3 is therefore set to
four.

Next, in S104 through S115, a standard size (“image size
x” and “image size y”’) and magnification rates (“out mag
[1]”) to be used for producing the original size from the
standard size are determined based on the data size of the
original image. In this example, a standard size of (1, 1) and
magnification rates (2, 2, 2, and 3) (out__mag|1] (i=0 through
3) are determined. This is because when the standard size
1x1 1s enlarged by all the magnification rates 2, 2, 2, and 3
in each of the x and y directions, the original 1mage size of

24x24 will be obtained.

It 1s noted that 1n S104-S115, the CPU 1 determines the
serics of magnification rates so that the total number of small
magnification rates included in the determined series 1s as
oreat as possible as described below.

When desiring to obtain an 8x8 min1 sub-image from a
standard 1image with a size of 2x2, for example, the 8x8 mini

10

15

20

25

30

35

40

45

50

55

60

65

10

sub-image can be obtained when the standard image 1is
enlarged by a magnification rate of 2 1n each of the x and y
directions and again enlarged by the magnification rate of 2
in each direction. However, the image can be directly
produced through enlarging the standard 1mage by a mag-
nification rate of 4 1n each of the X and Y directions. It 1s
noted, however, that a 4x4 mini1 sub-image cannot be
produced 1n the latter case. Therefore, 1n order to allow a
oreat variety of mini sub-images to be produced based on the
standard 1image, smaller magnification rates are preferably

set 1n S104-S115.

This process of S104—-S115 will now be described below
in more detail.

In S104 to S107, an nitial setting 1s performed. In S104,
a variable “1mage size_ x” 1s set equal to the original data
size “orig_size X (24 in this example) in the X direction.
Similarly, another variable “1mage size_ ” 1s set equal to
the original data size “orig_ size_ y” (24 in this example) in
the Y direction. In S105, a variable 1 is set to zero (0). In
S106, another variable “total mag” is set to one (1). In
S107, still another variable “out__mag num” 1s set to zero
(0). In S108, at the first routine, i=0. Because the variable
“mag_num” is equal to 4 (No in S108), the program
proceeds to S109. It is noted that “MOD (A,B)” is to
calculate a remainder obtained when A 1s divided by B. In
the case of S109, the “1mage_ size_ x” of 24 1s divided by
a value “mag [1]” where 1=0 in the first routine. Because mag
[0] 1s equal to 2, 24+2=12, and a remainder is calculated as
equal to 0. Because “1mage_ size y~ 1s 24, the calculation in
S110 1s also attained as 24+2=12, and a remainder 1s
calculated as equal to 0. Accordingly, the program proceeds
to S111. In S111, the 1mage size 1 the X direction 1is
calculated through dividing the present image size of 24 by
the present magnification rate of 2 (=mag[0]). In this initial
stage, “image_ size X is therefore calculated as 12 (=24+
2). The same calculation is attained for the Y direction in
S112. Accordingly, “1mage_ size_ vy~ 1s calculated also as 12
(=24+2). A first magnification rate “out__mag[0]” is then set
as the present magnification rate of 2 (=mag_ [0]) in S113,
and the number of already-set magnification rates “out__
mag num’ 1s incremented by one. As a result, the first
magnification rate “out__mag|/O|’ is set to 2, and “out__
mag_ num’ 1s set to 1. The total magnification rate “total
mag~ 1s calculated 1n S114. In this first routine, the total
magnification rate is calculated as 2=1 (=“total mag”)x2
(=mag[0]). Then, S109 and subsequent steps are executed in
a similar fashion.

For example, during the second routine, 1n S109, calcu-
lation is attained as 12+2=6, and a remainder of zero (0) is
obtained. The same calculation 1s attained 1n S110. Then, 1n
S111, image size x 1s calculated as 6=12+2. The same
calculation 1s attamned in S112.

Then, a second magnification rate “out__mag_[1] is also
set to 2 1n S113. During the third routine, each of the present
values “image_ size_ X7 and “image_size_ y~’ of 6 1is
divided by 2 into 3, and zero “0” 1s obtained as a remainder
in S109 and S110. As a result, “image_ size_ x” and “1image

size_ y” are set to three (3), and a third magnification rate
“out_mag_[2] is set to 2 in S113.

Further, during a fourth routine, in S109 and S110, the
present image size (“image size  x”) of 3 1s divided by 2,
and a remainder of 1 1s obtained in S109. The program
therefore proceeds to S115 where 1 1s incremented by 1 1nto

1. Then 1n S109, the present image size of 3 1s divided by 3
(=“mag|1]”), and a remainder of 0 is obtained. In S110, the
same calculation 1s attained. In S111 and S112, the values
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“image_ size_ X’ and “image_ size_ y~ are calculated as
on¢ (1). The forth magnification rate “out_may(3)” 1is
therefore set to 3 1n S113. The total number of magnification
rates “out__mag_num” 1s set to four. The total magnification
rates “total mag” is calculated as 24 (=1x2x2x2x3) in

S114.

Next, because the present 1image size “1” 1s divided by the
present magnification rate 3 (=mag [1]) into O with a
remainder 1, the program proceeds to S115. Then, the steps
of S108, S109, and S115 are repeatedly performed as (1) is
repeatedly incremented by one until (1) becomes four, i.e.,
equal to the total number “mag_ num” of the predetermined
magnification rates 2, 3, 5, and 7.

Thus, as the steps S109-S114 are repeatedly performed,
the 1mage size 24 of the original image 1s successively
divided by magnification rates of 2, 2, 2, and 3 into 1
because 24+2+2+2+3=1. Because the final dividing pro-
cesses 1n S111 and S112 result in 1, the standard size 1s
determined as (1x1).

When 1 becomes 4 1n S1135, the program goes to S116 via
S108. As shown in FIG. 14, in S116, an output header size
“header__num” 1s calculated. The size of a standard size areca
1s 2 because 2 bytes are required for indicating the image
size of the standard image both 1 the x and y directions as
shown 1n FIG. 18. The size of a magnification rate number
arca 1s calculated as 1, and the size of a magnification rate
area 1S calculated as 4 1n this example because four magni-
fication rates 2, 2, 2, and 3 are set in S104-S1185.

Accordingly, the output header size “header num”™ 1s calcu-
lated as 7.

In S117, a total data size “total” 1s calculated. The size of
the header size area 1s 1, taking 1 byte to hold the total data
size. The image data size 1s 576 (=24x24) in this example.
The sum of the header size area size of 1, the header size
“header _num” of 7, and the pixel data number of 576 1is
calculated as the total data size “total” of 58&84.

In S118 through S1235, the data obtained 1n S116 and S117
are stored 1n the header component of the 1mage format of
FIG. 18.

That 1s, as shown 1n FIG. 18, in S118, the total data size
“584” 1s stored. Then, 1n S119, the header size “7” 1s stored.
In S120, the standard size in the x direction and the standard
size 1n the y direction are stored. In this case, the present
value “1mage_size_ x” of 1 and the present value “1mage__
size_ y~ of 1 are stored. Then, 1n S121, the total number of
the determined magnification rates “out__mag num”™ of 4 1s
stored. In S122 through S125, the first through fourth
magnification rates “out__mag|O]” of 2, “out mag[1]” of 2,
“out__mag[2]” of 2, and “out__mag|3]” of 3 are stored. In
more concrete terms, the four magnification rates “out__mag
[1]” are successively written in the loop of S123-S125 as i
1s mncremented from 0 to 3. When 1 reaches 4, the left and
right sides of the inequality in S123 become both 4, and the
program proceeds to S126.

Then, in S126 through S134, the standard data, indicative
of the standard image (minimum mini sub-image), 1s stored.
In S135 through S157, all of the received pixel data 1-576

are stored on the basis of the magnification rate data.

First, the processes of S126 through S134 will be
described 1n a greater detail. The total magnification rate
“total _mag” (24, in this example) is set to each of variables
“skip_ x” and “skip__ y” defined 1n the X and Y directions in
S126 and S127. The coordinate (3, 1) of the pixel data (i.e.,
the address of each pixel in the original 1mage data shown
in FIG. 11) is initialized to (0, 0) in S128 and S129. Then,

the pixel data 1 at the present address (0, 0) 1s written as a
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first pixel data 1n S130 as shown 1n FIG. 18. Because the
variable “skip_ x” 1s now equal to 24, j 1s set to 24 1n S131.
In S132, both sides 1n the inequality therefore become 24 (no
in S132), and therefore the program proceeds to S133.
Because the variable “skip__y” 1s also now equal to 24, then
the program will proceed from S134 to S135. In this
example, because the standard size 1s 1x1, S128 through
S134 are conducted only once to store data of the single
pixel data 1. However, if the standard size has been deter-
mined as 2x2, for example, then the process of S128 to S134
will be repeated four times, thereby storing data of four
pixels.

In S135 through S157, the senially-arranged pixel data,
shown 1 FIG. 11, are picked up in a predetermined non-
sequential order on the basis of the magnification rate data.
Then, the picked-up data are arranged serially, 1.e., in the
picked up order. In S135, an index “ra,” indicative of each
of the four magnification rates 2, 2, 2, and 3, 1s 1nitialized to
zero (0). That is, the variable “ra” will vary from O to 3. The
variable “out__mag|ra]” indicates 2, 2, 2, and 3 when ra=0,
1, 2, and 3, respectively. Then, in S136, a variable “pre__
skip_ x” 1s set to the present variable “skip_ x” of 24. In
S137, the variable “skip x” is set to 12 (=24/2) because
out__mag[0]=2. Then, in S138, a variable “pre_ skip_ y” is
set to the present variable “skip_ y” of 24. Then, 1n S139, the
variable “skip_y” is set to 12 (=24/2) because out_mag
[0]=2.

S140 and S141 are address initialization steps. In the first
routine, a calculation 1s attained 1n S142 as 0+24=0, and a
remainder of O is obtained in S142. That 1s, MOD(0,24) is

zero (yes in S142). Accordingly, the program proceeds to
S144 where j is set to 12 (=0+12). Because 12<24 (size of

the original image), the program returns to S142 via S1485.
During the second routine 1n S142, a calculation of 12+24 1s
attained and a remainder of 12 is obtained. That is, MOD(12,
24) is 12 and is not zero (no in S142). Accordingly, pixel
data 13 is retrieved from the address (12,0) of the image data
of FIG. 11 and 1s written 1n S143 as a second pixel. In S144,
] 1s next set to 24 (=12+12). Because both sides of the
inequality 1n S145 therefore become 24, the process goes to
S146. In S146, 1 (the address in the y direction) is incre-
mented by 24. Because both sides of the inequality 1n S147
become 24, the program proceeds to S148.

In the first routine, 1n S149, because 0+24=0 with a
remainder of 0 1s calculated, the program proceeds to S154
where 1 is set to 12 (=present value “skip_y”). Then, the
program proceeds via S155 to S151 because the present
value 1 of zero 1s lower than 24. Then 1n S151, pixel data 289
is retrieved from an address of (0, 12) of the image data of
FIG. 11 and 1s written as a third pixel.

Then, the program proceeds to S152 where 7 15 set to 12,
and the program returns to S151. As a result, pixel data 301
is retrieved from an address (12, 12) of the image of FIG. 11,

and 1s written as a fourth pixel. Next, the program proceeds
to S156 via S153-S155.

Then, 1n S156, the index “ra” 1s incremented by one 1nto
“1”. Because 1 1s smaller than the total number “4” of the set
magnification rates (2, 2, 2, 3) (yes in S157), the program
returns to S136. In the second routine of S136-S147, the
variables “pre_ skip_ x” and “pre_ skip_ y” are both set to
12 mn S136 and S138. In S137 and S139, cach of the
“skip_ x” and “skip_ y” is set to 6 (=12/2 (=out__mag| 1])).
In the repeated routine of S142-S147, pixel data 7, 19, 2935,
and 307, which are at the addresses (6, 0), (18, 0), (6, 12),
and (18, 12) in the original of FIG. 11, are written as 5-th

through eighth pixels as shown 1n FIG. 18.
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Then, the program proceeds to S148. During the routine
of S149-5156, cight pixel data 145, 151,157, 163, 433, 439,

445, and 451, which are at the addresses (0, 6), (6, 6), (12,
6), (18, 6), (0, 18), (6, 18), (12, 18), and (18, 18) in the
original 1mage of FIG. 11, are written as ninth through 16-th
pixels as shown 1n FIG. 18.

During the next routine where the index “ra” becomes
equal to 2, the processing 1s performed with the magnifica-
tion rate “out__mag[2]” of 2. In the routine of S141-S147,
16 pixel data 4, 10, 16, . . . , 448, and 454, which are at the
addresses of (3, 0), (9, 0), (15, 0), (21, 0), (3, 6), (9, 6), (15,
6), (21, 6), (3, 12), (9, 12), (15, 12), (21, 12), (3, 18), (9, 18),
(15, 18), (21, 18) in the 1image of FIG. 11, are written as
17th—32nd pixels as shown in FIG. 18.

Then, 1n the routine of S149-S155, 24 pixel data 73, 76,
..., 523, and 526, at addresses of (0, 3), (3, 3), (6, 3), . ..
(18, 3), (21, 3), (0, 9), (3, 9) . . . (21, 9), (0, 15), (3, 15), .
.., (21, 15), (0, 21), (3, 21) . . ., (18, 21) and (21, 21) in
the image of FIG. 11 are written as 33rd—56th pixels. During
the next routine, the remaining 520 pixels 2, 3, .. ., 575, and

576, which are at addresses of (1, 0), (2, 0), . . ., and (23,
24), and (24, 24), are written as 57th—576th pixels.

Thus, when the index “ra” reaches 4 1n S156, because

both sides in the inequality of S157 become 4 (no in S157),
all of the 576 pixels in the image data of FIG. 11 (24x24) are
rearranged and stored in the storage format as shown 1n FIG.

18.

The thus produced image format of FIG. 18 indicates that
the standard data size 1s 1x1 as stored in S120, and the
magnification rate data includes 2, 2, 2, and 3 as stored 1n
S124. Accordingly, mini1 sub-images with sizes of 1x1, 2x2,
4x4, and 8x8, and the original image with the size of 24x24
can be produced from the standard image with the size of
1x1. This 1s because 2, 4, 8, and 24 are products of the
standard size and the magnification rate data (2, 2, 2, and 3).
For example, when desiring to obtain a min1 sub-image with
the size of 8x8, the standard image may be enlarged by the
magnification rates of 2, 2, and 2 1n each of the x and y
directions. It 1s noted that when desiring to obtain a mini
sub-image other than the above-listed 1mages, the mini
sub-image can be obtained by first creating one of the
above-listed mini sub-images that has a size larger than the
desired size, and then reducing the image by thinning 1t out.
Thus, any mini sub-images with a user’s desired size can be
created from the thus rearranged-and-formatted data.

In more concrete terms, when a user desires to obtain a
min1 sub-image with a size of NxN where N 1s either one of
1, 2, 4, 8, and 24, the min1 sub-image can be directly
produced through enlarging the 1x1 standard image with
using the set magnification rates out__mag|i] of 2, 2, 2, and
3. For example, when desiring to produce a 4x4 mini
sub-image, the 1x1 standard image may be enlarged 1n each
direction by the magnification rates of 2 and 2. When
desiring to produce a 8x8 mini sub-image, the standard
image may be enlarged 1n each direction by the magnifica-
tion rates of 2, 2, and 2. Contrarily, when the user desires to
obtain a mini sub-image with a size of PxP where P 1is not
equal to 1, 2, 4, 8, or 24, the min1 sub-image may not be
directly produced. In this case, another mini sub-image with
a size of NxN, where N 1s either one of 2, 4, &, and 24 and
N 1s greater than but closest to P, 1s provisionally produced
by enlarging the standard image with at least one of the
magnification rates of 2, 2, 2, and 3. Then, the mini sub-
image with the size of PxP 1s obtained through thinning the
produced image. For example, when the user desires to
obtain a mini sub-image with a size of 6x6, a mini sub-image
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with a size of 8x8 1s first produced through enlarging the
standard 1image by the magnification rates of 2, 2 and 2 in
cach direction. Then, the 8x8 1mage 1s thinned 1nto the 6x6
image. Similarly, when the user desires to obtain a mini
sub-image with a size of 9x9, the original 1mage with the
size of 24x24 1s first produced through enlarging the stan-
dard image by all the magnification rates of 2, 2, 2, and 3 in
cach direction. Then, the 24x24 1mage 1s thinned into the

Ox9 1mage.

FIG. 19 illustrates an example of a display processing
process for producing a mini sub-image with a size of NxN
where N 1s either one of 1, 2, 4, 8, and 24. In this example,
the size of the mini sub-image desired to be obtained 1s 4x4.
One pixel corresponds to 1 byte. In S301, the size of a mini1
sub-image to be produced through enlargement of the stan-
dard 1image 1s determined. In this case, the desired size NxN
can be directly produced through the enlargement of the
standard image. Accordingly, the size (“mini_ X”x“mini__
y”) of a mini sub-image to be produced through enlargement
of the standard 1image 1s determined as equal to the desired
size, 1.€., 4x4. Then, the number of pixels required to be read
out from the data format of FIG. 18 1s calculated. In this
case, the number “16 bytes” 1s calculated. Then, 1n S302, 16
bytes of pixel data are read out from the leading end of the
image storage areca of the image file. In other words, first
through 16-th pixel data are retrieved and arranged in
corresponding pixel locations as shown in FIG. 25(d). Then,
in S303, the arranged pixel data 1s displayed on the display

device 3, or 1s outputted to the printer 10.

FIG. 20 illustrates an example of a display processing
process for producing another mini sub-image with a size of
PxP where P 1s not equal to 1, 2, 4, 8, or 24. In this example,
the size of the min1 sub-image desired to be obtained 1s 6x6.
In the same manner as the process of FIG. 19, first 1in step
S401, the size of a mini sub-image to be produced through
enlargement of the standard 1mage 1s determined. Because
the desired size 1s not equal to 1x1, 2x2, 4x4, 8x8, or 24x24,
the size (“mini_ x”"x“mini y”’) of the mini sub-image to be
produced through enlargement of the standard image 1s set
equal to one of 2x2, 4x4, 8x8, and 24x24 that 1s greater than
but closest to the user’s desired size. In this example, the
CPU 1 determines to produce a 8x8 mini sub-image
(provisional image) from the standard image. Then, the
number of pixels, 64, required to be read out from the data
format 1s calculated. Then, 1n S402, 64 bytes of pixel data
are read out from the leading end of the 1mage storage arca
of the image file. In other words, first through 64-th pixel
data are retrieved and arranged in corresponding pixel
locations. Thus read-out 64-pixels are then subjected to a
well-known thinning process (reduction process) in S403.
Since the reducing process 1s well-known 1n the art, detailed
description thereof will be omitted. Then, a mini sub-image,
that has been reduced to 6x6 pixels, 1s displayed 1n S404.
The above-described processes of FIGS. 19 and 20 are
considerably more convenient than in the conventional
process, 1n which the mini1 sub-image 1s produced through
reading all of the 1mage data and then thinning the image
data regardless of the size of the desired min1 sub-image.

FIG. 25(a) shows a mini sub-image obtained when a user
designates the size of his/her desired mini sub-image as 1x1.
FIG. 25(b) shows another mini sub-image obtained when the
user designates the size of his/her desired mini sub-image as
2x2. FIG. 25(c) shows another mini sub-image obtained
when the user designates the size of his/her desired mini
sub-image as 3x3. FIG. 25(d) shows another mini sub-image
obtained when the user designates the size of his/her desired
mini sub-image as 4x4. FIG. 25(¢) shows another mini
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sub-image obtained when the user designates the size of
his/her desired mini sub-image as 8x8. FIG. 25(f) shows still
another mini sub-image obtained when the user designates
the size of his/her desired mini1 sub-image as 9x9.

It 1s noted that 1n order to produce the 3x3 and 9x9
images, a 4x4 mini sub-image (FIG. 25(d)) and a 24x24
image (FIG. 11) are first produced as provisional images in
S402. Then, the reduction process of S403 1s performed to
obtain the 3x3 and 9x9 1mages according to the thinning
process. In this example, 1n order to produce the 3x3 1mage
from the 4x4 image, the fourth line (pixels 433, 439, 445,
and 451) and the fourth column (pixels 19, 163, and 307) are
omitted through the thinning process of S403. During the
thinning process of S403, the required number of pixels may
be omitted through other various manners.

As described above, according to the display process of
FIG. 19, when a user designates the size of his/her desired
min1 sub-image, the CPU 1 determines i S301 a mini
sub-image to be obtained through enlarging the standard
image. In this case, the size (“mini_ x”x“mini_y”) of the
determined mini sub-image 1s the same as that of the user’s
desired one. The CPU 1 then retrieves pixel data required to
produce the determined min1 sub-image. Similarly, accord-
ing to the display process of FIG. 20, when the user
designates the size of his/her desired mini sub-image, the
CPU 1 determines in S401 a min1 sub-image to be obtained
through enlarging the standard image. In this case, the size
(“mini_ xX"x“mini__y”) of the determined mini sub-image is
orcater than that of the user’s desired one. Then, the CPU 1
retrieves pixel data required to produce the determined mini
sub-image. Thus, the processings 1n S401-S403 are similar

to those m S301-5302 except for the thinning process of
S403.

Processes 1n S301 and S302 and processes in S401

through S403 can be performed in a single series of pro-
cesses shown 1n FIGS. 21-24. After the processings of
FIGS. 21-24 are completed, the produced image 1s dis-
played 1n the same manner as m S303 and S404. The
processings 1n FIGS. 21-24 involve decoding of the pixel
data that have been rearranged and encoded as shown 1n
FIG. 18. This decoding process 1s performed 1n a manner
reversed from the encoding process of FIGS. 13 through 17.

The steps 1n the flow charts of FIGS. 21 through 24 will
be described below 1n greater detail.

First, 1n S196, the size of the user’s desired min1 sub-
image 1n each of the x and y directions 1s mputted. That 1s,
values “out_ x” and “out__y” are set to the user’s designated
values. In this example, the user designates a size of 8x8.
Accordingly, the values “out_ x” and “out_ y” are set to 8
and 8§, respectively.

In S197, the total data size (584 in this example) and the
header size (7 in this example) are read out from the data
format of FIG. 18. In S198, the standard size (1x1 in this
example) is further read out from the data format. In S199,
the retrieved standard size values “1” and “1” are respec-
tively substituted for variables “standard_ x” and
“standard__y”.

In S200 and S201, the total number “4” of the set
magnification rates out_ mag|1] (2, 2, 2, and 3) is read out,
and the number “4” 1s substituted for a variable “ra_ num”.

Then, 1n S202 through S223, data for the standard size
image 1s read out in the following manner.

First, in S203-5206, all the set magnification rates out__
mag|i] (1=0 through 3) of 2, 2, 2, and 3 are retrieved from
the data format of FIG. 18. It 1s therefore determined that

five images with sizes 1x1, 2x2, 4x4, 8x8, and 24x24 can be
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obtained through enlarging the 1x1 standard 1image. When

b N 44

the user’s designated size (“out_x”x“out_y”) is equal to
either one of the sizes 1x1, 2x2, 4x4, 8x8, and 24x24 (yes
in S207), it is determined that the user’s designated size can
be produced simply through an enlarging process. On the
other hand, when the user’s designated size (“out_ Xx”’x
“out__y”’) 1s not equal to any of the sizes 1x1, 2x2, 4x4, 88,
and 24x24 (no in S207), it is determined that the user’s
designated size cannot be produced only through the enlarg-
ing process. The user’s designated size can be produced
through not only the enlarging process but also through a

thinning process.
b N 44

When the user’s designated size (“out_ x”x“out_y”) is
cequal to either one of the sizes 1x1, 2x2, 4x4, 8x8, and
24x24 (yes in S207), the program proceeds to S210. In
S210, at least one magnification rate 1s determined for
obtaining the user’s designated mini1 sub-image. The at least
onc magnification rate 1s determined for producing a mini
sub-image (“mini_ X"x“mini_y”) which i1s equal to the
user’s designated mini sub-image (“out_ Xx”x“out_y”).
Because the size of the designated mini sub-image 1s 8x8 1n
this example, it is determined that a mini sub-image (“mini__
x”x“mini__y”) of 8x8 will be produced through enlarging
the 1x1 standard image with the first through third magni-
fication rates “out__mag[O] of 2, out_mag[1] of 2, and
out_mag[2] of 2. In this case, no thinning process is
necessary. The produced image (“mini_ X”"x“mini_ y”) 1is
cequal to the user’s designated image. Also 1 S210, the
presently-selected three magnification rates 2, 2, and 2 are
set as mag'[0], mag|1], and mag'[2]. The total number “3”
of the thus selected magnification rates 1s set to a variable

“need ra”.

Then, 1n S211, a variable “out’_x” 1s set equal to the size
“mini_x~ of the mini sub-image which 1s to be produced
through enlargement of the “standard x” with the determined
magnification rates mag'[O}-mag(2]. Similarly, a variable
“out’_y” 1s set equal to the size “mini_y~ of the mini
sub-image which 1s to be produced through enlargement of
the “standard_ y” with the determined magnification rates
mag'|0]-mag'[2]. In this case, “out' x” is set to &, and
“out’__y”, 1s also set to 8. In other words, “out'__x” 15 set
equal to the user’s designated size “out_ X7, and “out’__y” 1s
set equal to the user’s designated size “out__y”.

=i BN 44

When the user’s designated size (“out x”x“out_y”) is
not equal to any of the sizes 1x1, 2x2, 4x4, 8x8, and 24x24
(no in S207), on the other hand, the program proceeds to
S208. In S208, at least one magnification rate 1s determined
for producing a mini sub-image (“mini_ X”x“mini_y”)
which 1s either one of sizes 1x1, 2x2, 4x4, 8x8&, and 24x24

that 1s larger than and closest to the user’s designated mini
sub-image (“out_ x”x“out__y”). For example, when the user
designates the size of 9x9, 1t 1s necessary to first produce the
original image with the size of 24x24, which 1s greater than
and closest to 9x9, and then to thin the 24x24 1image 1nto the
O9%x9 image. In this case, a provisional 1mage (“mini_ XX
“mini_y”) with the size of 24x24 may be first produced
through enlarging the 1x1 standard image with all the
magnification rates “out__mag|0] of 2, out__mag[1] of 2,
out__mag[ 2] of 2, and out mag|3] of 3. The produced image
(“mini_ X"x“mini__y”) is then thinned into the 9x9 user’s
designated 1mage. Also 1n S210, the presently-determined
four magnification rates 2, 2, 2, and 3 are set as mag/|[ 0],
mag'[ 1], mag'[2] and mag'[3]. The total number “4” of the
thus set magnification rates 1s set to a variable “need_ ra”.
Then, 1n S209, a variable “out'__x” 1s set equal to the size
“mini_ X~ of the mini sub-image (provisional image) which
1s to be produced through enlargement of the “standard x”




3,986,699

17

with the determined magnification rates mag[0]-mag/3].
Similarly, a variable “out'_y” 1s set equal to the size
“mini_y” of the mini sub-image (provisional image) which
1s to be produced through enlargement of the “standard_ y”
with the determined magnification rates mag[0]-magf3]. In
this case, “out'x” 1s set to 24, and “out' _y” 1s also set to 24.
Thus, “out’_x” 1s set different from the user’s designated
size “out_x” (9), and “out' y” is set different from the

user’s designated size “out_y” (9).

When the process of S211 or S209 1s completed, the
program proceeds to S212.

In the first stage, the values “current_size_ x” and
“current__size_y~ are both set to 1 (standard size) in S212
and S213. In S214 and S2135, cach of the variables “skip_ x”
and “skip_ y” 1s calculated through dividing the determined
image size “out’_x” and “out’__y” by the standard size of 1.
In this example, because the user designates 8x8 1n S196 and
the values “out'__x” and “out’_y” are set to 8 i S211,
variables “skip_ x” and “skip__y” are calculated as 8 and 8.

It 1s noted that in the following description, variables “1”
and “1” refer to an address (j, 1) in the X and y coordinate
where the mini sub-image with the size of “out'__x”x“out'__

y” 1s to be developed.

First, in S218, first pixel data 1 1s retrieved from the
leading end of the image storage area in the data format of

FIG. 18. The pixel data 1 is developed 1n the address (0, 0)
of the 8x8 mini sub-image 1n S219. Then, 1=0+8=8 1n S220
and 1=0+8=8 1n S222. A negative judgment 1s attained 1n

both S221 and S223, and the program proceeds to S224.

In S224, the process 1s ended if the standard size
(“standard_ x”x“standard_y”) is greater than the size
(“out’ x”x“out'_y”) of the image determined to be pro-
duced. If the standard size (“standard x”x“standard_ y”) is
equal to or smaller than the determined image size (“out'
X’x“out'__y”), the program proceeds to S226.

Then, 1n S226 through S252, the standard 1image produced

in S219 is enlarged with the magnification rates mag'i]
which are set 1n S208 or S210 into the determined 1mage

b

with the size of “out’ x"x“out'__y”.

That 1s, 1n S226, the index “ra” of the magnification rate
data 1s first initialized to 0. The magnification rate 1is
therefore set to 2 (=mag|[0]). In S227, the variable “pre
skip_ x” 1s set to the present variable “skip_ x” of 8. The
same calculation 1s attained 1n S230 to set the variable
“pre__skip_ y” to the present variable “skip_y” of 8.
Because the standard data is 1x1 and because the “mag/ra]
”=2 when “ra”=0, the “current_size x” becomes 2 (=1x2)
in S228. In S229 and so on, the size of the determined 1mage
(“out'_x”) 1s divided by the current size, and a pixel interval
“skip_ x” 1n the x direction 1s calculated for the production
of the mini sub-image. In this case, “skip_ x’=8/2=4. S231
and so on 1nvolve the same processing 1n the y direction.
Also 1n this case, “skip_ y”’=8/2=4. Then, 1n S235, because
1=0 and 0+“pre_skip x” (8)=0 and a remainder of 0 is
obtained, a loop of S235 through S239 1s produced. In the
next loop, the second pixel 13 1s retrieved from the data
format of FIG. 18 1n S236, and 1s stored in S237 at the
address (4, 0) as shown in FIG. 25(¢).

Then, 1 1s 1ncremented by 8 1 S240, and the program
proceeds to S242 via S241. Then, 1n a successively-
performed routine of S242-5250, the third and fourth pixel
data 289 and 301 are retrieved 1n S245 and stored 1n the
addresses of (0, 4) and (4, 4) of the mini sub-image as shown
in FIG. 25(e).

Then, the program proceeds to S251, where “ra” 1s
incremented by one 1nto “1”. Because 1 1s smaller than the
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total number “3” of the determined magnification rates, the
program returns via S252 to S227.

In this routine, the variables “pre_ skip x” and “pre
skip_ y” are both set to 4 1n S227 and S230. The variables
“skip_ X7 and “skip_ y” are set to 2 1 S229 and S232. In
S235-S241, the fifth through eighth pixel data 7, 19, 2935,
and 307 are retrieved and stored at addresses of (2, 0), (6, 0),
(2, 4), and (6, 4) of the mini sub-image.

Then, 1n $S243-5250, the ninth through 16-th pixel data
145451 are retrieved from the data format of FIG. 18 and
stored at addresses of (0, 2), (2, 2), (4, 2), (6, 2), (0, 6), (2,
6), (4, 6), and (6, 6), respectively.

Then, 1n S252, the 1ndex “ra” 1s set to 2. In the next
routine, the variables “pre_ skip_ x” and “pre__skip_ y” are

both set to 2, and “skip_ X and “skip__y” are both set to 1.
Then, 1n the loop of S234-S241, the next 16 pixel data

44354 are retrieved from the data format of FIG. 18 and
stored in (1, 0), (3, 0), (5, 0), (7, 0), (1, 2), (3, 2), (5, 2), (7,
2), (1, 4), (3, 4), (5,4), (7, 4), (1, 6), (3, 6), (5, 6), and (7,
6). Then, in the routine of S242-S250, the next eight pixel
data 73—94 are retrieved and stored on the second line (0,
1)—(7, 1), the next eight pixel data 217—238 are retrieved and
stored on the forth line (0, 3)«7, 3), the next eight pixel data
361-382 are retrieved and stored on the sixth line (0, 5)—(7,
5), and the next eight pixel data 505-526 are retrieved and
stored on the eighth line (0, 7)—(7, 7). As a result, the 8x8
mini sub-image shown in FIG. 25(e) is obtained.

After all the pixels are thus arranged with using all the
magnification rates magfra] (ra=0 through 2), when the
variable “ra” 1s incremented into 3 1n S251, the program
proceeds via S252 to S253. In S253, 1t 1s judged whether or
not the size “out’_x"x“out'__y” of the obtained 1mage 1is
cequal to the user’s designated size “out_x’x“out_y”.
Because the user’s designated 8x8 1mage 1s obtained 1n this

example (yes in S253), the program ends.

On the other hand, when the user designates 1n S196 an
image other than the 1mages 1x1, 2x2, 4x4, 8x8, or 24x24,
the size “out'__x"x*“out'__y” of the presently-obtained image
1s greater than the user’s designated size “out_ x”"x“out__y”.
For example, when the user designates the 9x9 1mage, a
24x24 1mage 1s produced. In this case, the program proceeds
to S254 (no in S253), and the obtained image is thinned into

the user’s designated 9x9 1mage.

As described above, according to the present
embodiment, image data is stored not 1n a sequential pixel
order, but rather in an order such that adjacent pixels will be
farther apart. As a result of storage in this order, mini
sub-images of different sizes are obtained according to the
pixels that are sequentially read out from the leading end.
There 1s no need for previously producing and storing these
minl sub-1mages.

FIG. 26 shows a modification of the present embodiment.
A host computer 20 1s connected to a printer 30. Image data
sent from the host computer 20 1s printed out by the printer
30. The 1mage data 1s stored in the host computer 20 in the
pixel order as shown in FIG. 18 for creating the mini
sub-image architecture as described above. The pixel data
will be sent to the printer 30 1n this order from the leading
end.

The host computer 20 can, however, store the pixel data
in an ordinary sequential fashion as shown 1n FIG. 11. In this
case, the pixels will be read out 1n the non-sequential order
as shown 1n FIG. 18 and then sent to the printer 30. As a
result, on the printer 30 side, after data of the required size
has been received, the remaining data can be skipped over,
and therefore higher-speed processing 1s possible.
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Also, if the printer capability 1s only 300 dpi1, when 1mage
data of 1200 dp1 1s sent from the host computer 20 to the
printer 30, the printer 30 may start printing the received
image at 300 dp1 when the printer 30 has received the 300
dp1 worth of data.

FIG. 27 illustrates the above-described process. Image
data 1s sent from the host computer 1n S501. For example,
the data 1s sent to the printer 30 in the order in which it 1s
stored 1n the host computer 20 as shown in FIG. 18. The
printer 30 receives this data 1 S502. In SS503, it 1s judged
whether or not data of the required size has been received.
When receipt of the required size has been completed, the
data receipt by the printer 1s terminated.

The remaining data may not be skipped over after the
required amount of data has been processed. The host
computer 20 may be controlled so that data more than
required will not be sent to the printer. The following
processes are examples of this processing method.

(1) The computer is informed in advance of the resolution
of the printer through a command via an interface or the like.
The computer analyzes the header component and the like of
the data stored therein, and reads out only the required
amount data. The computer sends the read out data to the
printer.

(2) Alternatively, the computer may start sending the
image data to the printer without knowing the resolution of
the printer. The printer sends to the computer a status
command for instructing that no further data 1s required
when the printer has completely received the required data.
Also according to this method, unnecessary data transmis-
sion 1s eliminated.

While the invention has been described i detail waith
reference to the specific embodiment thereof, i1t would be
apparent to those skilled in the art that various changes and
modifications may be made therein without departing from
the spirit of the mnvention, the scope of which 1s defined by
the attached claims.

As described above, according to the present invention,
the 1mage storing-and-outputting device receives a plurality
of sets of pixel data in a sequential order. The plurality of
sets of pixel data are bit map data constituting a data matrix
indicative of an entire original 1mage. In the device, at least
a part of the received plurality of sets of pixel data are
rearranged 1n a predetermined non-sequential order. The sets
of pixel data may be stored in the rearranged order in the
memory area of the device. When outputting at least a part
of the received plurality of sets of pixel data, the at least a
part of the pixel data are sequentially retrieved from the
memory area 1n the rearranged order. The thus sequentially-
retrieved pixel data are arranged to reproduce the entire
original 1mage with a size corresponding to the retrieved
number of pixel data.

According to the present mvention, 1t 1s unnecessary to
previously produce a mini sub-image of a certain size. It 1s
therefore unnecessary to provide any mini sub-image storing
arca 1n the header portion of the data memory area. It 1s
possible to easily obtain mini sub-images of any desired
sizes through changing the number of pixels to be retrieved
from the memory area. It 1s possible to obtain the user’s
desired sized mini sub-images within a short period of time.

The 1mage storing-and-outputting device has other vari-
ous advantages when outputting the pixel data to an 1image
output device such as a printer. When the printer has a low
resolution, 1t 1s unnecessary to send all the pixel data to the
printer. Even when all the pixel data 1s sent to the printer, the
pixel data will not be processed 1n vain. In this circumstance,
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only a small number of pixel data will be sequentially
retrieved from the leading end of the memory area and then
sent to the printer. This data sending operation can be
performed when the printer has a high printing ability but 1s
instructed to print out a low resolution 1mage within a
shorter period of time.

According to the above-described embodiment, 1n order
to produce any desired mini sub-images from the rearranged
pixel data sets, the memory area 1s formed with the header
portion. The header portion stores data indicative of how to
retrieve a certain number of sets of pixel data from the
memory area when producing a mini sub-image of a desired
size. The header portion includes: the standard size memory
arca storing data of the standard size of the basic pattern for
constructing any desired mini sub-images; the magnification
rate memory area storing data of magnification rates of 1, 2,
or more, with which the standard sized basic pattern can be
enlarged 1n order to produce the desired mini sub-image; and
a memory area for developing or rearranging the pixel data
sets 1 the non-sequential order. When desiring to obtain a
min1 sub-image with a desired size, a corresponding number
of pixel data sets will be retrieved from the memory area in
the order of storage.

In order to produce a mini sub-image of a desired size, a
corresponding number of pixel data sets are serially
retrieved from the memory area, and then developed 1 a
non-sequential order 1n a data matrix for producing the
two-dimensional image. The number of pixel data sets to be
retrieved 1s determined based on the standard size data and
the magnification rate data. Thus, it 1s possible to produce
the desired min1 sub-image through the software processing,
even though the mini sub-image 1s not previously stored in
the memory area.

It 1s noted that the magnification rate 1s determined
dependent on the standard size and the size of the desired
min1 sub-image. Based on the determined magnification
rate, pixel data sets are arranged with an 1nterval correspond-
ing to the magnification rate. Then, subsequent sets of pixel
data are developed in the spacing between the already-
developed adjacent pixel data sets.

When producing the desired min1 sub-image, the pattern
of the standard size is first created through successively
retrieving a corresponding number of pixel data sets and
through arranging the pixel data sets. Then, 1t 1s judged
whether or not the size of the desired min1 sub-1image can be
produced through simply enlarging the standard size with
the stored magnification rates. When the desired min1 sub-
image size 1s a product of the standard size and at least one
of the stored magnification rates, the mini sub-image can be
produced through simply adding subsequent sets of pixel
data to the standard size pattern. When the desired mini
sub-image 1s not any product of the standard size and the
stored magnification rates, on the other hand, a provisional
min1 sub-image 1s first produced. The size of the provisional
min1 sub-image 1s a product of the standard size and at least
one of the stored magnification rates. The provisional mini
sub-image size 15 larger than the size of the desired mini
sub-image. When the provisional mini sub-image 1s
produced, the provisional mini sub-image 1s thinned to the
size of the desired mini sub-image, thereby producing the
desired mini sub-image.

In the above description, when receiving the successive
sets of pixel data, the device rearranges the pixel data in the
non-sequential order. Then, the device stores the plurality of
sets of pixel data in the order which 1s different from the
serial order 1n which the plurality of sets of the pixel data are
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received. When outputting, the device transmits the sets of
pixel data 1n the presently-stored order. However, the device
may not rearrange the pixel data sets before storing the pixel
data sets. The device may store the pixel data sets as
arranged 1n the order as received 1n the device. The device
may rearrange the pixel data sets before outputting the pixel
data sets to the 1image output device.
What 1s claimed 1s:

1. An 1image outputting device for outputting 1image data,
the device comprising:

reception means for recerving a plurality of sets of pixel

data 1 a first sequential order, the plurality of sets of

pixel data arranged 1n the first sequential order consti-
tuting a data matrix indicative of an enftire original
Image;

rearranging means for rearranging at least a part of the
received plurality of sets of pixel data 1n a predeter-
mined non-sequential order that 1s determined based on
positional information of the at least a part of the
received plurality of sets of pixel data, defined relative
to a sub-image that corresponds to the original 1mage
and that 1s constructed from the at least a part of the
plurality of sets of pixel data so that the at least a part
of the received plurality of sets of pixel data are
rearranged 1n a second sequential order different from

the first sequential order; and

retrieving means for retrieving the rearranged at least a
part of the plurality of sets of pixel data 1n the second
sequential order, the retrieved at least a part of the
plurality of sets of pixel data constituting the sub-image
corresponding to the original 1image.

2. An 1mage outputting device as claimed in claim 1,

further comprising output means for further rearranging the

retrieved sets of pixel data in another predetermined non-
sequential order that corresponds to the predetermined non-
sequential order to reproduce the 1mage corresponding to the
original 1mage.

3. An 1mage outputting device as claimed 1n claim 2,
further comprising storage means for storing the rearranged
sets of pixel data 1n the second sequential order as rear-
ranged by the rearranging means, the retrieving means
retrieving the rearranged sets of pixel data 1n the order stored
in the storage means.

4. An 1mage outputting device as claimed in claim 3,
wherein the rearranging means rearranges all the received
plurality of sets of pixel data in the predetermined non-
sequential order that 1s determined based on positional
information of all the received plurality of sets of pixel data,
defined relative to the original image and relative to at least
one 1mage that corresponds to the original 1mage and is
constructed from a corresponding number of sets of the pixel
data, so that all the received plurality of sets of pixel data are
rearranged 1n the second sequential order different from the
first sequential order,

wherein the retrieving means retrieves, 1 the second
sequential order, at least one set of pixel data from the
rearranged plurality of sets of pixel data, the retrieved
at least one set of pixel data constituting the corre-
sponding 1mage.
5. An 1mage outputting device for outputting 1mage data,
the device comprising:

reception means for receving a plurality of sets of pixel
data 1n a sequential order, the plurality of sets of pixel
data constituting a data matrix indicative of an entire
original 1mage;

rearranging means for rearranging at least partly the
received plurality of sets of pixel data 1n a predeter-
mined non-sequential order;
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retrieving means for retrieving at least a part of the
rearranged sets of pixel data 1n a sequential order as
rearranged by the rearranging means;

output means for further rearranging the retrieved sets of
pixel data 1n another predetermined non-sequential
order to reproduce the original order; and

storage means for storing the rearranged sets of pixel data
in the sequential order as rearranged by the rearranging,
means, the retrieving means retrieving the rearranged
sets of pixel data 1n the order stored in the storage
means,

wherein the retrieving means retrieves a desired number
of the rearranged sets of pixel data in the order stored
in the storage means, the outputting means further
rearranging the desired number of sets of pixel data and
outputting the further rearranged sets of pixel data
indicative of a desired mini sub-image.

6. An 1mage outputting device as claimed in claim 5,
wherein the outputting means includes a header storage area
for storing information indicative of the number of sets of
pixel data to be retrieved from the storage means 1n order to
produce the mini1 sub-image of a desired size.

7. An 1mage outputting device as claimed 1n claim 6,
wherein the header storage area includes:

a standard s1ze memory area for storing data of a standard
size of a basic pattern for constructing any desired mini
sub-images;

a magnification rate memory area for storing data of
magnification rates, with which the standard sized basic
pattern 1s to be enlarged in order to produce any desired
min1 sub-images; and

a developing area for developing, in the non-sequential
order, the pixel data sets received by the reception
means, the retrieving means retrieving, from the devel-
oping area, at least a part of the pixel data sets, the
number of the retrieved pixel data sets corresponding to
the size of the desired min1 sub-image.

8. An 1mage outputting device as claimed 1n claim 7,
wherein the number of pixel data sets to be retrieved 1s
determined based on the standard size data and the magni-
fication rate data.

9. An 1mage outputting device as claimed in claim 8,
wherein the outputting means further includes mini sub-
image production control means for controlling the retriev-
Ing means to retrieve a corresponding number of pixel data
sets 1 the order of storage from the storage means and then
for developing the retrieved pixel data sets in the other
non-sequential order mnto a data matrix for producing the
desired mini sub-image.

10. An 1image outputting device as claimed i1n claim 9,
wherein the mini sub-image production control means
includes:

standard size retrieving means for retrieving data of the
standard size from the standard size memory area;

comparison means for comparing the standard size with
the size of the desired min1 sub-image;

magnification rate determination means for determining,
dependent on the comparison result, a magnification
rate with which the standard size 1s to be enlarged;

means for rearranging pixel data sets indicative of the
standard size pattern with an interval corresponding to
the magnification rate; and

developing means for developing subsequent sets of pixel
data 1n the spacing between the already-developed
adjacent pixel data sets.
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11. An 1mage outputting device as claimed in claim 10, means for producing a provisional mini sub-image when
wherein the mini sub-image production control means fur- the desired mini sub-image 1s not any products ot the
ther includes: standard size and the stored magnification rates, the

size of the provisional mini sub-image being a product
of the standard size and at least one stored magnifica-

tion rate and being larger than the size of the desired
min1 sub-image; and

means for judging whether or not the size of the desired
mini sub-image with a product of the standard size and 3

at least one of the stored magnification rates;

means for producing the IIliIl% sub-image through Simply means for thinning the provisional mini sub-image to the
adding subsequent sets of pixel data to the standard size size of the desired mini sub-image, thereby producing
pattern when the desired mini sub-image size 1s equal the desired min1 sub-image.

to the product of the standard size and at least one of the 10

stored magnification rates; £ % % % %
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